SUMMARY Electromyographic responses of triceps surae and tibialis anterior produced by dorsiflexion stretch were studied in 17 patients with Parkinson's disease. Most patients showed increased muscular activity when attempting to relax. A few patients showed an increase of short-latency reflexes when relaxed and when exerting a voluntary plantarflexion prior to the stretch. Many patients showed long-latency reflexes when relaxed and all but one showed longlatency reflexes with voluntary contraction; and these reflexes were often larger in magnitude and longer in duration than those seen in normal subjects. Unlike the short-latency reflex, the long-latency reflex did not disappear with vibration applied to the Achilles tendon. The longlatency reflexes and continuous responses to slow ramp stretches were diminished at a latency similar to the beginning of long-latency reflexes when the stretching was quickly reversed. Dorsiflexion stretch also frequently produced a shortening reaction in tibialis anterior. Of all the abnormal behaviour exhibited by the Parkinsonian patients only the long-latency reflex magnitude and duration correlated with the clinical impression of increased tone. The mechanism of the long-latency reflex to stretch which is responsible for rigidity is not certain, but the present results are consistent with a group II mediated tonic response.
One of the major manifestations of Parkinson's disease is rigidity. The only symptom unequivocally produced by rigidity is a feeling of stiffness. As a clinical sign, however, this term refers to the phenomenon of increased resistance when stretching a muscle passively. Although some features of rigidity have been characterised, the detailed physiology is still unknown. Possible mechanisms include an exaggeration of the monosynaptic stretch reflex, an exaggeration of the long-latency stretch reflexes, the development of a tonic stretch reflex and the, development of a shortening reaction.
The possibility of exaggeration of long-latency stretch reflexes has received much recent attention.
Lee and Tatton' observed an enhancement of the long-latency stretch reflexes of the wrist flexors and extensors in subjects with Parkinson's disease. These results have been confirmed by Mortimer and Webster23 in biceps brachii and by Chan et al4 in tibialis anterior. Marsden et all ascribed an increase of long-latency reflexes of the flexor pollicis longus to the fact that subjects with Parkinson's disease are not truly relaxed at rest and have only an apparent increase of the long-latency reflexes.
We have studied the EMG responses of triceps surae and tibialis anterior to passive dorsiflexion of the ankle in a group of patients with Parkinson's disease. This attempt follows our recent demonstration of long-latency stretch reflexes in triceps surae6 and seeks further understanding of which mechanisms are responsible for the rigidity.
Materials and methods
The study was performed on 17 patients with Parkinson's disease ranging in age from "magnitude" of the short-latency reflex was calculated for each patient as the value of the EMG at 3600'/s2 acceleration obtained from linear interpolation from the actual data points. Using this method the short-latency reflex was enhanced for 9 out of 16 patients in comparison to normal subjects previously reported6 (fig 2) . In 12 out of 16 patients the short-latency reflex was followed by EMG activity similar to the long-latency reflexes observed when a normal subject is voluntarily exerting a background force (figs 1A, 3). The amplitude of the long-latency reflexes sometimes increased and sometimes decreased with acceleration. It was not possible to standardise a "magnitude" for the long-latency reflexes since their behaviour was not monotonic. For this reason the long-latency reflexes were simply described as absent, normal magnitude or large magnitude, and the magnitude was considered large if the long-latency reflexes exceeded normal for any acceleration. In our patients with Parkinson's disease the triceps surae were not completely at rest preceding the stretch, but showed a continuous background contraction. By integrating the EMG activity in the first 100 ms of the record (prior to any reflex response) the patients showed activity varying between 4-5% to 25% of the maximal force (see table) . In order to assess the role of background force on the results we carried out further experiments on normal subjects. Background EMG activity at rest was usually less than 4% of maximal force, but could be as high as 7%. The short-latency reflex was present even if the muscle was totally relaxed and did not change much with background force, but increased slightly with background force up to 50% of maximum. The long-latency reflexes (one or more discrete components) were absent at rest, appeared with a background force between 5-10% of maximum, became larger in proportion to background force up to about 30% after which they did not increase. Considering the normal results, all but three patients demonstrated increased background EMG activity at rest. In relation to the short-latency reflex, the three patients with normal background had normal amplitude. Five patients had markedly increased amplitude, more than would be expected even if they were exerting 20% voluntary force, and in none of these cases was the background contraction more than 20%. In four patients the short-latency reflex was increased, but within the range of a normal subject exerting torque. In relation to the long-latency reflexes, the three patients with normal background activity all showed long-latency reflexes at rest and their magnitude was usually within the range of amplitude of those of normal subjects exerting 20% background force. In general the range of background EMG activity was less in those patients who did not show long-latency reflexes at rest (6-12%) parameters are within the normal range. The longlatency reflexes when present appeared at latency of 84-122 ms with durations of 30-75 ms.
STRETCH REFLEXES OF TRICEPS SURAE WITH BACKGROUND FORCE
When the patient voluntarily exerted a background force of 20% of his maximum force, the short-latency reflex was present at slightly shorter latency and with the same duration of the same response evoked without background force ( fig 1B) . This response increased in magnitude with increased acceleration of stretch but was not often increased in magnitude with respect to the circumstance when the subject was requested to relax ( fig 2) . Three of 15 patients showed increased magnitude of the short-latency reflex. Long-latency reflexes appeared at latencies of 80-110 ms and were present in all but one of the patients. The long-latency reflexes increased in magnitude in comparison to the long-latency reflexes observed without background force and were enhanced in magnitude with respect to normal values in eight out of 15 patients (fig 3) . In three of the patients with enhanced long-latency reflexes an enhancement of short-latency reflex was also present, while four showed no enhancement of the short-latency reflex (one was not studied). It can be noted also that two of the patients with an enhanced short-latency reflex did not show enhanced long-latency reflexes. In normal subjects it was usually possible to divide the longlatency reflexes into two discrete components, but this was often difficult for the patients. Additionally the long-latency activity in the patients often continued without pause beyond a latency of 150-160 ms into the time interval which we considered in normal subjects to be characterised by voluntary activity. With faster velocity of stretch, the longlatency reflexes disappeared in one patient who showed a very large short-latency reflex. The effect of vibration applied to the Achilles tendon was studied in seven patients (fig 4) . When the patients were trying to be relaxed the short-latency reflex was abolished in all and the long-latency reflexes when present, persisted although diminished in amplitude. When a background force was exerted by the subject the short-latency reflex was markedly suppressed or absent in all, but the long-latency reflexes persisted in all but two patients. The longlatency reflexes in this circumstance were decreased by vibration approximately 10% to 50% in the different subjects.
RESPONSE OF TIBIALIS ANTERIOR
In 11 of the 17 patients a large phasic EMG response was recorded from the tibialis anterior after stretching the triceps surae (shortening reaction).
DOUBLE RAMP DISPLACEMENT
In the first series of experiments the first displacement was a slow dorsiflexion (15°/s) in the attempt to induce tonic EMG activity in triceps surae, and the second displacement was a fast plantar flexion (150- 
100°/s) of the ankle. Fifteen patients were studied. In eight patients the slow dorsiflexion elicited gradually increasing involuntary muscular activity ( fig 5) . In all these patients a fast plantar flexion of the foot abruptly abolished or markedly decreased the tonic EMG activity at a latency ranging in the different patients from 100 to 150 ms. In the remaining seven patients no EMG activity was induced by the slow dorsiflexion of the foot.
In the second series of these experiments the ankle was displaced quickly from -10°to 5°at 1500/s and then quickly back to -10°at 150°/s (triangle stretch). Eight patients were studied. This type of stretch differed from the standard stretch mainly by virtue of having no plateau phase; the dynamic dorsiflexion phase was similar. In all patients the short-latency reflex was similar to that seen with the standard maintained stretch, but the long-latency reflexes were diminished. CLINICAL 
EVALUATION
The 23 Marsden et al suggested that the increase of the long-latency reflexes of the flexor pollicis longus was due to the fact that rigid patients are not truly relaxed at rest. On the other hand, Tatton et al'°r eported that the increase of long-latency stretches was out of proportion to baseline activity.
Thirteen of 16 patients reported here showed an increase of baseline EMG activity when they were at rest. This baseline activity is important to note, but was not responsible alone for the clinical impression of increased tone. Nine of the 16 showed an increased short-latency reflex at rest and five patients showed an increased short-latency reflex compared to normal even when considering background activity. Three of these nine patients showed an increase of shortlatency reflexes when exerting voluntary background force. However, these changes in short-latency reflexes did not correlate with the clinical impression of tone.
The presence of an involuntary background contraction before the stretch could only to some extent explain the presence of long-latency reflexes when the patients were requested to relax, since four patients had long-latency reflexes greater than that seen even with background force. In addition, the presence and the magnitude of the long-latency reflexes were not always directly related to the amount of baseline activity. When the patients were exerting background force, the magnitudes of the long-latency reflexes in eight were greater than that which could be explained by the level of background force. These increases in magnitude and also in duration were 8 We cannot exclude this hypothesis definitely; however, the triangle stretch experiments which show a reduction in the long-latency reflexes when the stretch is not maintained, suggest that the longlatency responses depend on continuing afferent input. In addition, the vibration experiment can be considered negative evidence if one accepts the notion that vibration has its effect by keeping the IA afferents so active that they cannot respond to phasic stretch. '9 The second possibility is that there is a new response to inputs not active in normal subjects. In this regard we are attracted to the possibility of group Berardelli, Sabra, Hallett II afferent input. We investigated the stretch response in this group of patients with slow stretching of triceps surae. This technique which mimics the clinical method of appraisal of tone is not equivalent to the tonic phase of a step-like stretch, but like tonic stretch can be productive of continuous EMG activity which is not seen in normal subjects. In half of the patients studied the slow stretching induced involuntary EMG activity. In general these patients were the ones with greater increased tone and larger long-latency reflexes. A fast plantar flexion of the foot was subsequently delivered in the attempt to measure the time of disappearance of the continuous EMG response which would tell us the latency of the pathway supporting the activity. In all the patients the time was in the latency range of the long-latency reflexes. This suggests that activity is not supported by the monosynaptic pathway but instead by pathways compatible with long-latency phenomena. As noted above, it is possible that in Parkinson's disease there is a new mechanism superimposed on the normal which might be mediated by group II afferents. The data from animals would certainly suggest that enhanced response to group II afferents could be responsible for tonic stretch reflexes and reflexes to slow continuous stretch. In favour of this hypothesis is the work of Dietrichson8 showing that the increased tonic reflex response in Parkinsonian patients depend on the integrity of small-sized nerve fibres, either static fusimotor or group II afferents.
Conclusion
The notion that rigidity is simply a result of enhanced supraspinal drive on alpha motor neurons, 40 
